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Overview
Reactive Transport Modeling





Kernel-based Reactive Particle Tracking
How do we use fewer particles and get the same results?
Method for matching simulation solutions
We can use an order of magnitude fewer particles with
minimal introduction of error!
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Diffusion-Reaction Equation (DRE)
For the simple, irreversible reaction between two species,
A + B → ∅, the equation takes the form
∂Ci
∂t
− D∆Ci = −kCACB , i = A,B, x ∈ Rd , t > 0
In the well-mixed case, under the initial condition
CA(0, x) = CB(0, x) = C0, the equation reduces to an ODE
dCi
dt
= −kCi 2 , i = A,B,
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What Happens When You Don’t Have Perfect Mixing?
Experimental and real-world observations tend to record a
scaling of the concentration decay rate from t−1 to t−d/4 (in
d = 1, 2, 3 dimensions), not captured by the analytic solution



























Slope = -1 
(Well-Mixed 
Analytic Solution)
Michael J. Schmidt Kernel-based Reactive Particle Tracking









Michael J. Schmidt Kernel-based Reactive Particle Tracking
Reactive Particle Tracking




Particles carry the concentrations
Operator Splitting
Diffusion
xn(t + ∆t) = xn(t) + ξn
√
2D∆t
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Reaction
Calculate thermodynamic reaction probability via co-location
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Advantages of RPT
Since RPT eschews well-mixed assumption, it is able to
capture t−d/4 scaling at late time with high resolution
RPT 
Analytic Solution
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Can handle heterogeneous concentration profiles in a more
computationally efficient manner than highly-discretized
Eulerian approaches
Does not suffer from numerical dispersion
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Major Disadvantage of RPT
Classically, particles have been represented in space as a
point-particle
Dirac delta kernel
When using Dirac representation, number of particles is not a
modeling choice
Related to initial concentration statistics
Major driver of computation time
Analogous to number of grid points
Question: How can we use fewer particles and still get the
same answer?
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Kernel-based RPT
We use a Gaussian spatial kernel to “smear” mass in space
How do we match a Gaussian-based simulation to a
Dirac-based simulation?
Question: What width of kernel is optimal, given a specified
fewer number of particles?
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How do we determine optimal kernel half-width?
Generate moment equations for average concentration based
on choice of kernel (Gaussian or Dirac)
Numerically minimize (over the kernel-width parameter space)











Use this kernel width in the corresponding particle tracking
simulation
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Picture Time
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The End
Thank You!
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